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Dear Sir: 



This is in response to your fax dated May 27, 2002. 

Enclosed please find the respect copies of Taiwanese Patent Nos. 251379 and 
310478 in Chinese. 

With respect to Taiwanese Patent No. 310478, we confirm that U.S. Patent 
5,943,460 is a corresponding patent thereof by comparing the titles, inventors, 
assignees, and specifications (including claims and figures) of these two patents. 

Finally, we translate the whole specification of Taiwanese Patent No. 251379 as 
follows: 

The manufacture of TFT (Thin Film Transistor) on the glass is a popular 
solid-state element nowadays. Currently, the TFT manufactured by amorphous 
silicon (a-Si) has been used for the commercial Liquid Crystal Display (LCD) as a 
switching element. However, the carrier mobility of amorphous silicon is too low (< 
Icm2/V • s), thus it can not be used for manufacturing the peripheral driving circuits. 
Since the TFT manufactured by poly crystalline silicon (poly-Si) has higher carrier 
mobility, it will compensate the shortcoming in this aspect and enhance the circuitry 
characters, product functions and cost efficiency if the poly-Si can be simultaneously 
manufactured on the glass. However, due to the temperature during the 
manufacturing process, the development of poly-Si TFT is restrained. 

According to the conventional techniques for growing poly-Si thin film (for 
example. Low Pressure Chemical Vapor Deposition (LPCVD)), the temperature needs 
to be over 700°C in order to achieve good quality poly-Si. Even under the lower 
background pressure (such as 1 0* 4 Torr) of the growing chamber, the growing chamber 



l 



liPLO 

Attorneys-at-Law 

needs to be over 600°C to achieve the poly-Si thin film with good crystallinity. Thus 
it is difficult to achieve growing on the low-cost glass. Besides, the transition 
temperature between polycrystalline silicon and amorphous silicon is 580°C, thus it is 
challenging and needs a breakthrough to grow poly-Si thin film below the temperature 
of 600°C . * It has thus become a main object for the industry to develop the process of 
low temperature poly-Si. For the current techniques, the most common way is to 
grow amorphous silicon under about 550°C and go through the furnace annealing 
(about 550-600°C) for long period of time (generally 1-3 days), so that the poly-Si is 
obtained. Obviously, such a prolonged method is quite uneconomical, and the time 
required for the annealing process after ion implantation has not been included yet. 
So this method is not suitable for industrial production. A desired process is to 
directly grow good quality poly-Si thin film under low temperature without annealing 
and without ion implantation, so that the drain and source of low resistance may be 
obtained, which is accomplished by the present invention. 

The main object of the present invention is to provide a simple and efficient 
process to directly grow the good quality poly-Si, poly-Ge, or poly-SiGe thin film 
under low temperature without ion implantation, so that the drain and source with 
excellent low resistance characteristics may be obtained for industrial production. 

The present invention discloses a method for manufacturing poly-Si, poly-Ge, or 
poly-SiGe thin film transistor with low temperature, with the undoped poly-Si layer as 
a channel layer, by utilizing the methods of the ultrahigh vacuum chemical vapor 
deposition (UHV/CVD), the low pressure chemical vapor deposition (LPCVD), the 
molecular beam epitaxy (MBE), or the gas source MBE, especially by the ultrahigh 
vacuum chemical vapor deposition (UHV/CVD). Thus the good quality poly-Si 
(SiGe) thin film can be directly grown on a substrate (for example, glass substrate) 
under low temperature, without any annealing process, to obtain the drain and source 
with excellent low resistance characteristics, wherein the switch current is above 10 6 
and the mobility of field effect electron hole is 28cm 2 /V • sec. The process employed 
comprises: providing the undoped poly-Si layer as a channel layer, selectively etching 
upon the poly-Si to define poly-SiGe, growing high quality poly-Si and poly-SiGe thin 
film under low temperature by employing the growing method such as the ultrahigh 
vacuum chemical vapor deposition (UHV/CVD), growing under the extremely low 
growing pressure (about lmtorr), and selectively etching the poly-SiGe with the 
HF/HNO3/CH3COOH solution. 

As the low pressure chemical vapor deposition is employed, the crystallinity of 
the thus grown poly-Si and the transition temperature thereof are deeply affected by the 
growing pressure. When growing is executed under an extremely low pressure, the 
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crystallinity can be significantly enhanced and the transition temperature thereof is 
further lowered, thus the poly-Si thin film can be grown on the substrate under low 
temperature (for example, lower than 600°C ). 

Furthermore, the present invention may also employ gas source MBE, to grow 
poly-Si thin film on the substrate under low temperature (for example, lower than 600 
°C). 

According to the elements to be formed, the processes of the methods for 
manufacturing the poly-Si, poly-Ge, or poly-SiGe TFT of the present invention are 
different, two examples are described as follows: 

A. A method for manufacturing poly-Si, poly-Ge, or poly-SiGe thin film transistor 
above a gate, comprising: 

providing the glass as a substrate, wherein said glass is normal, glass; 
depositing low-resistance material above said glass to form a gate, wherein said 
low-resistance material is a high-temperature resistant metal such as chromium, 
tungsten, silicified metal; or doped poly-Si (Ge, SiGe); growing 500 °C 
low-temperature insulation layer (such as silicon oxide or silicon nitride layer) 
above said gate (2) as a gate dielectric layer; growing undoped poly-Si layer, 
then growing doped poly-SiGe layer above said poly-Si layer, under the low 
temperature of 550°C ; selectively etching the poly-SiGe layer to form the source 
and the drain, wherein said selective etching is executed with 
HF/HNO3/CH3COOH solution (such a solution etches the poly-SiGe above the 
poly-Si with the 10 or more etching rate on the undoped poly-Si layer), and 
wherein said growing and doping processes is executed under extremely low 
growing pressure (about 1 mtorr). The doped element can be boron to form a. 
p-type transistor, or can be phosphorous or arsenic to form an n-type transistor. 

B. A method for manufacturing poly-Si, poly-Ge, or poly-SiGe thin film 
transistor under a gate, comprising: 

providing the glass as a substrate; growing undoped poly-Si layer, then 
growing doped poly-SiGe layer, under the low temperature of 550°C ; growing a 
500°C low-temperature oxide layer to define the source and the drain area; 
selectively etching the low-temperature oxide layer above the doped poly-SiGe 
layer with the BOE solution; and then selectively etching the doped poly-SiGe 
layer above undoped poly-Si layer to form the source and the drain. 
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Next, growing the 500 °C low-temperature insulation layer as a gate 
dielectric layer; depositing low-resistance gate material and defining its area, 
wherein said selective etching is executed with HF/HN0 3 /CH 3 COOH solution 
and the same growing pressure. The doped element can be boron to form a 
p-type transistor, or can be phosphorous or arsenic to form an n-type transistor. 

The present invention will be described in the embodiments with reference to the 
following drawings. 

Fig.l is an illustrative diagram of the poly-Si TFT above the gate according to 
present invention. 

Fig.2 is an illustrative diagram of the poly-Si TFT under the gate according to 
present invention. 

Four embodiments of the present invention are described as follows: 
Embodiment 1 : 

A method for manufacturing poly-Si thin film transistor above a gate (refer to Fig. 
1) comprises the steps of : providing the glass as a substrate 1; depositing a 
high-temperature resistant and low-resistance metal or doped poly-Si (SiGe) above 
said glass to form a gate 2 and define the area thereof with the ultrahigh vacuum 
chemical vapor deposition method, under an extremely low growing pressure (about 
0.94 mTorr) and background pressure about 10* s Torr; growing a low-temperature 
insulation layer 3 above said gate 2 as a gate dielectric layer; wherein the thickness 
thereof is 30 - 100 nm; growing (under 500°C - 600°C) an undoped poly-Si layer 4, 
wherein the growing speed is about 0.66 nm/min and the thickness is 20 - 200 nm; then 
growing a poly-SiGe layer 5 doped with boron, phosphorous or arsenic, wherein the 
growing speed is about 2 nm/min and the thickness is 20 - 100 nm; selectively -etching 
the poly-SiGe layer (above the poly-Si layer) to form the source and the drain with 
HF/HNO3/CH3COOH solution. The Si source adopted for deposition is SiH 4 or Si 2 H 6 
while the Ge source is GeH 4 . Under such a low background pressure, the pollutant 
(such as oxygen) resolved in the deposited thin film will be far less than the lower limit 
(10 17 atom/cm2) of the Second Ion Mass Spectro Scopy (SIMS) measures. 

Embodiment 2: 

A method for manufacturing poly-Si thin film transistor under a gate (refer 
to Fig. 2), wherein the growing conditions and the Si and Ge sources adopted for 
deposition are the same as those of Embodiment 1, comprises the steps of : 
providing the glass as a substrate 1; growing an undoped poly-Si layer 2 of the 
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thickness 20 - 200 nm above said glass; then growing a poly-SiGe layer 3 
(doped with boron, phosphorous or arsenic doped poly-SiGe layer) of the 
thickness 20 - 200 nm; growing a low-temperature oxide layer 4 of the thickness 
200 - 300 nm to define the source and the drain area; etching the 
low-temperature oxide layer 4 above the poly-SiGe layer3 with the BOE solution; 
and then selectively etching the poly-SiGe layer 3 above poly-Si layer 2 with 
HF/HNO3/CH3COOH solution to form the source 3 and the drain 3; growing a 
low-temperature insulation layer 5 as a gate dielectric layer 5 of the thickness 
30 - 100 nm; depositing the low-resistance gate material 6 (metal or doped 
poly-Si (SiGe)) and defining its area. 

Embodiment 3 : 

Adopt the same growing steps and Si and Ge sources as those of Embodiment 1 
and Embodiment 2 for manufacturing the TFTs above and under the gate, respectively. 
The growing method is changed to the low pressure chemical vapor deposition method, 
the growing pressure is changed as 10" 2 - 10" 3 Torr, and the background pressure is 
changed as 10"* Torr. The low-temperature growing and doping temperature is now 
between 500°C and 600°C . The growing speeds for the poly-Si layer and the 
poly-SiGe layer are now about 1 nm/min and 2 nm/ min, while the good quality 
poly-Si layer and poly-SiGe layer are still achieved. Since the higher background 
pressure is adopted, the vapor or oxygen in the growing chamber will somewhat cause 
the improper effect on the deposited thin films. 



Embodiment 4: > 

Adopt the same growing steps and Si and Ge sources as those of Embodiment 1 
and Embodiment 2 for manufacturing the TFTs above and under the gate, respectively. 
The growing method is changed to the gas source MBE method, the growing pressure 
is changed as 10" 3 Torr, and the background pressure is changed as 10* 10 Torr. The 
low-temperature growing and doping temperature is now between 500°C and 600°C- 
The growing speeds for the poly-Si layer and the poly-SiGe layer are now about 1 
nm/min and 2 nm/ min, while the good quality poly-Si layer and poly-SiGe layer are 
still achieved. 

From the above description, it is understood that the present invention can directly 
grow good quality poly-Si (Ge, SiGe) thin films with a simple and efficient process, 
without employing the ion implantation method, so that the drain and source with 
excellent low resistance characteristics may be obtained for industrial production. 
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Any modification to the above embodiments can be made by any skilled person in the 
same field without getting beyond the scope of the attached claims. 

Claims 

1. A method for manufacturing poly-Si, poly-Ge, or poly-SiGe thin film transistor 
above a gate, comprising: 

a) providing a glass substrate; 

b) depositing low-resistance material above said substrate to form a gate; 

c) growing low-temperature insulation layer above said gate as a gate 
dielectric layer; 

d) growing undoped poly-Si, poly-Ge, or poly-SiGe layer above said gate 
dielectric layer with the ultrahigh vacuum chemical vapor deposition 
(UHV/CVD), the low pressure chemical vapor deposition (LPCVD) or 
the gas source MBE, under the temperature of 550°C or below; 

e) growing doped poly-Si, poly-Ge, or poly-SiGe layer above said 
undoped poly-Si, poly-Ge, or poly-SiGe layer; 

f) selectively etching said doped poly-Si, poly-Ge, or poly-SiGe layer 
above said undoped poly-Si, poly-Ge, or poly-SiGe layer to form the 
source and the drain. 

2. The method according to claim 1, wherein said glass is normal glass. 

3. The method according to claim 1, wherein said low-resistance material is a 
high-temperature resistant metal such as chromium, tungsten, silicified metal, etc., or 
doped poly-Si (Ge, SiGe alloy). : > 

4. The method according to claim 1, wherein the thickness of said gate dielectric 
layer is 30 - 100 run. 

5. The method according to claim 1, wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer has a thickness of 20 - 200 nm. 

6. The method according to claim 1 , wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer has a thickness of 20 - 200 nm. 

7. The method according to claim 1 ; wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer is a Si layer. 

8. The method according to claim 1, wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer is a Ge layer. 
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9. The method according to claim 1, wherein said grown undpped poly-Si, poly-Ge, 
or poly-SiGe layer is a SiGe layer. 

10. The method according to claim 1, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer is a Si layer. 

11. The method according to claim 1, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer is a Ge layer. 

12. The method according to claim 1, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer is a SiGe layer 

13. The method according to claim 1, wherein said selectively etching of said doped 
poly-SiGe layer above said undoped poly-Si layer is executed with 
HF/HNO3/CH3COOH solution. 

14. The method according to claim 1, wherein the growing method adopted in said 
step d) is the ultrahigh vacuum chemical vapor deposition (UHV/CVD) method. 

15. The method according to claim 14, wherein the outer wall of the heating source is 
a hotwall when the ultrahigh vacuum chemical vapor deposition (UHV/CVD) method 
is adopted, 

16. The method according to claim 14, wherein the Si source adopted for deposition is 
SiH 4 or Si 2 H 6 while the Ge source is GeH 4 when the ultrahigh vacuum chemical vapor 
deposition (UHV/CVD) method is adopted. 

17. The method according to claim 14, wherein said low-temperature insulation layer 
is grown under the temperature of 500°Cor less, when the ultrahigh vacuum chemical 
vapor deposition (UHV/CVD) method is adopted. 

18. The method according to claim 14, wherein the low-temperature growing and 
doping temperature is between 500 jC and 600 °C , when the ultrahigh vacuum 
chemical vapor deposition (UHV/CVD) method is adopted. - 

19. The method according to claim 14, wherein said growing and doping processes are 
executed under the extremely low growing pressure of about 1 m Ton* * and the 
background pressure of about 10* 8 Torr, when the ultrahigh vacuum chemical vapor 
deposition (UHV/CVD) method is adopted. 

20. The method according to claim 14, wherein said undoped poly-Si layer is grown 
with a growing speed of 0.66 nm/min, when the ultrahigh vacuum chemical vapor 
deposition (UHV/CVD) method is adopted. 

21. The method according to claim 14, wherein said doped poly-SiGe layer is grown 
with a growing speed of 2 nm/min, when the ultrahigh vacuum chemical vapor 
deposition (UHV/CVD) method is adopted. 

22. The method according to claim 1, wherein the growing method adopted in said 
step d) is the low pressure chemical vapor deposition (LPCVD) method. 
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23. The method according to claim 22, wherein the outer wall of the heating source is 
a hotwall when the low pressure chemical vapor deposition (LPCVD) method is 
adopted. 

24. The method according to claim 22, wherein the Si source adopted for deposition is 
SiH 4 or Si 3 H 6 while the Ge source is GeH 4 when the low pressure chemical vapor 
deposition (LPCVD) method is adopted. 

25. The method according to claim 22, wherein said low-temperature insulation layer 
is grown under the temperature of 500°C or less, when the low pressure chemical vapor 
deposition (LPCVD) method is adopted. 

26. The method according to claim 22; wherein the low-temperature growing and 
doping temperature is between 500°C and 600°C, when the low pressure chemical 
vapor deposition (LPCVD) method is adopted. 

27. The method according to claim 22, wherein said growing and doping processes are 
executed under the extremely low growing pressure of about 10" 2 ~ 10° Torr and the 
background pressure of about 1 0 - * Torr, when the low pressure chemical vapor 
deposition (LPCVD) method is adopted. 

28. The method according to claim 22, wherein said undoped poly-Si layer is grown 
with a growing speed of 1 m/min and said doped poly-SiGe layer is grown with a 
growing speed of 2 m/min, when the low pressure chemical vapor deposition (LPCVD) 
method is adopted. 

29. The method according to claim 1, wherein the growing method adopted in said 
step d) is the gas source MBE method. 

30. The method according to claim 29, wherein the outer wall of the heating source is 
a coldwall when the gas source MBE method is adopted. - 

3 1 . The method according to claim 29, wherein the Si source adopted for deposition is 
SiH 4 or Si 2 H 6 while the Ge source is GeH 4 when the gas source MBE method is 
adopted. * 

32. The method according to claim 29, wherein said low-temperature insulation layer 
is grown under the temperature of 500°Cor less, when the gas source MBE method is 
adopted. 

33. The method according to claim 29, wherein the low-temperature growing and 
doping temperature is between 500°C and 600°C , when the gas source MBE method is 
adopted. 

34. The method according to claim 29, wherein said growing and doping processes are 
executed under the extremely low growing pressure of about 10° Torr and the 
background pressure of about 10" 10 Torr, when the gas source MBE method is adopted. 

35. The method according to claim 1, wherein the ion with the valence of 3 is doped to 
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manufacture a p-type transistor 

36. The method according to claim 35, wherein said ion with the valence of 3 is the 
boron. 

37. The method according to claim 1, wherein the ion with the valence of 5 is doped to 
manufacture an n-type transistor. 

38. The method according to claim 37, wherein said ion with the valence of 5 is the 
phosphorous or arsenic. 

39. A method for manufacturing poly-Si thin film transistor under a gate, comprising: 

a) providing a glass substrate; 

b) growing undoped poly-Si, poly-Ge, or poly-SiGe layer above said 
substrate with the ultrahigh vacuum chemical vapor deposition 
(UHV/CVD), the low pressure chemical vapor deposition (LPCVD) or 
the gas source MBE, under the temperature of 550°C or below; 

c) growing doped poly-Si, poly-Ge, or poly-SiGe layer above said 
undoped poly-Si, poly-Ge, or poly-SiGe layer under low temperature; 

d) growing low-temperature oxide layer above said doped poly-Si, poly-Ge, 
or poly-SiGe layer; 

e) etching the low-temperature oxide layer above the doped poly-Si, 
poly-Ge, or poly-SiGe layer with the BOE solution to define the source 
and the drain area; 

f) selectively etching the doped poly-Si, poly-Ge, or poly-SiGe layer 
above the undoped poly-Si, poly-Ge, or poly-SiGe layer to form the 
source and the drain; 

g) growing the low-temperature insulation layer as a gate dielectric layer; 
and 

h) depositing the low-resistance gate material and defining its area. 

40. The method according to claim 39, wherein said glass is normal glass. 

41. The method according to claim 39, wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer has a thickness of 20 - 200 nm. 

42. The method according to claim 39, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer has a thickness of 20 - 100 nm. 

43. The method according to claim 39, wherein said grown low-temperature oxide 
layer has a thickness of 200 - 300 nm. 
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44. The method according to claim 39, wherein said grown low-temperature insulation 
layer as a gate dielectric layer has a thickness of 30 - 100 nm. 

45. The method according to claim 39, wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer is a Si layer. 

46. The method according to claim 39, wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer is a Ge layer. 

47. The method according to claim 39, wherein said grown undoped poly-Si, poly-Ge, 
or poly-SiGe layer is a SiGe layer. 

48. The method according to claim 39, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer is a Si layer. 

49. The method according to claim 39, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer is a Ge layer. 

50. The method according to claim 39, wherein said grown doped poly-Si, poly-Ge, or 
poly-SiGe layer is a SiGe layer. 

51. The method according to claim 39, wherein said selectively etching of said doped 
poly-SiGe layer above said undoped poly-Si layer is executed with 
HF/HNO3/CH3COOH solution. 

52. The method according to claim 39, wherein the ion with the valence of 3 is doped 
to manufacture a p-type transistor. 

53. The method according to claim 52, wherein said ion with the valence of 3 is the 
boron. 

54. The method according to claim 39, wherein the ion with the valence of 5 is doped 
to manufacture an n-type transistor. 

55. The method according to claim 54, wherein said ion with the valence of 5 is the 
phosphorous or arsenic. 

Abstract * 

A method for manufacturing poly-Si, poly-Ge, or poly-SiGe thin film transistor 
comprises the steps of: providing the glass as a substrate; depositing the 
high-temperature resistant and low-resistance metal or doped poly-Si (Ge, SiGe) above 
said glass to form a gate; growing a low-temperature insulation layer above said gate 
as a gate dielectric layer with a thickness of about 30 - 100 nm; growing undoped 
poly-Si, poly-Ge, or poly-SiGe layer with a thickness of about 20 - 200 nm, then 
growing doped poly-Si, poly-Ge, or poly-SiGe layer with a thickness of about 20 - 200 
nm; selectively etching said doped poly-Si, poly-Ge, or poly-SiGe layer above said 
undoped poly-Si. poly-Ge, or poly-SiGe layer to form the source and the drain with 
HF/HN0 3 /CH 3 COOH solution. 
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Should you have any further questions, please do not hesitate to contact 



Very Truly Yours, 
Taiwan International Patent & Law Office 

1 K. Lin 

Attorney-at-Law 
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